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Abstract of JP2002 184960 

PROBLEM TO BE SOLVED: To provide an SOI wafer with 
excellent high frequency characteristics and to provide its 
manufacturing method. SOLUTION: Silicon oxide films 3* and 
3" are formed on respective main surfaces of a first silicon 
single crystal substrate (bond wafer) 1 and a second silicon 
single crystal substrate (base wafer) 2. The first and second 
silicon single crystal substrates 1 and 2 are tightly bonded to 
each other in an atmosphere of clean air supplied through a 
filter with the respective silicon oxide films 3' and 3" between 
them to form an SOI wafer 10. A silicon single crystal 
substrate with an internal resistivity of not lower man 1000 
&Omega .cm is used as the second silicon single crystal 
substrate (base wafer) 2. When a boron concentration 
distribution in the silicon oxide film 3 of the SOI wafer 10 in 
the direction of thickness formed as above described is 
measured, a position where the boron concentration is 
maximum exists in the oxide film. 
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FIELD OF THE INVENTION 

[0001] The present invention relates to a method for manufacturing SOI wafer and thus-manufactured SOI wafer. 
BACKGROUND OF THE INVENTION 

[0002] There has been a general trend of handling high-frequency signal of several hundred MHz or above in recent mol 
communication typically using cellular telephones, which strongly demands semiconductor devices with excellent high- 
frequency characteristics. Semiconductor devices such as CMOS-IC and high-voltage IC typically employ so-called SOI 
comprising a silicon single crystal substrate (also referred to as "base wafer" hereinafter), a silicon oxide layer (buried o? 
film) formed thereon, and another silicon single crystal layer stacked further thereon as an SOI (silicon-on-insulator) lay 
the purpose of fabricating semiconductor devices for high-frequency use on the SOI wafer, it is necessary for the base w 
be composed of a high-resistivity silicon single crystal in order to reduce high frequency loss. 

[0003] One representative process for manufacturing the SOI wafer relates to bonding process. According to the bonding 
process, a first silicon single crystal substrate (also referred to as "bond wafer" hereinafter), which provides an SOI layei 
affording device formation area, and a second silicon single crystal substrate which serves as a base wafer are bonded so 
locate a silicon oxide film in between, and the bond wafer is then reduced in the thickness thereof so as to be thinned to ; 
having a predetermined thickness, to thereby convert the bond wafer to the SOI layer. 
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[0004] In the above-described bonding process, a bonding interface between the base wafer and the bond wafer may son 
catch foreign matters such as particles. Such foreign matters accidentally residing on the bonding interface may induce 1; 
defect such as void, degraded wafer characteristics typically due to diffusion of impurities, and degraded bonding streng 
between both substrates. The substrates are thus bonded in a clean room (or in a clean area) so as to avoid the contamina 
foreign matters into the bonding interface. In the manufacture of Sol wafer by the bonding process, it is a general practic 
form the silicon oxide film only on the surface of the bond wafer, and then bond the base wafer with the bond wafer so a 
locate the silicon oxide film in between. 

[0005] Another known problem resides in that the clean room, which is a site of the wafer bonding, usually contains in tl 
atmosphere thereof boron which is derived from the air filter, and which boron can be incorporated as an impurity into tl 
bonding interface. Boron thus incorporated into the bonding interface diffuses during high-temperature annealing (bondi 
annealing) for raising bonding strength or during annealing for forming devices. In this point of view, the foregoing bon< 
process in which the silicon oxide film is formed only on the bond wafer hardly affects the devices since the boron diffu: 
the SOI layer (device forming area) is blocked by the silicon oxide film. This is one reason why the foregoing bonding p 
in which the bond wafer, only on which the silicon oxide film is formed, is bonded with the base wafer is widely accepte 
Whereas the bonding interface between the base wafer and silicon oxide film still suffers from adsorption of boron deriv 
the air filter, so that the boron diffusion into the base wafer is still inevitable during the foregoing bond-annealing. 
[0006] The above-described boron diffusion into the base wafer has not attracted much attention so far as a silicon singh 
substrate having a normal-to-low resistivity is used as the base wafer. The problem of degradation of high-frequency 
characteristics however arises in the SOI wafer for high-frequency use, since the base wafer has a resistivity of as high a 
hundreds to thousands [Omega]. cm, and the resistivity of an interfacial portion of the base wafer several micrometers de 
the interface with the silicon oxide film may considerably be lowered due to the boron diffusion. 

[0007] One solution for the foregoing problem is disclosed in Unexamined Japanese Patent Publication No. 2000-10067- 
which SOI wafer is manufactured by properly selecting types of the air filter used for introducing air into a clean room t< 
thereby control the amounts of boron as a p-type impurity together with n-type impurity in the bonding atmosphere. The 
methods disclosed in the patent are such that: 

[0008] 1. using a boron-free filter system which comprises a PTFE filter and a boron-adsorptive chemical filter irrespect 
conductivity type of the base wafer. Using the boron-free filter is beneficial to suppress boron-induced degradation in re: 
of the base wafer particularly for the case that the base wafer comprises a p-type silicon single crystal substrate having a 
resistivity; and 

[0009] 2. using a boron-releasable HEPA filter when the base wafer comprises an n-type silicon single crystal substrate 1 
high resistivity. Degradation of the resistivity is avoidable even if boron is adsorbed since the adsorbed boron is compen 
the n-type dopant contained in the n-type silicon single crystal substrate. 

[0010] The foregoing method 1 is however disadvantageous in that the boron-free filter system is expensive and is less 
economical. While the method 2 is applicable to the case the n-type base wafer is used, it is of course inapplicable to the 
p-type base wafer is used. The paragraph 0150 of the foregoing patent publication also describes difficulty in use of the 1 
filter for the high-resistivity, p-type wafer. It is also anticipated that even the resistivity of the n-type wafer may degrade 
concentrations of the n-type dopant and the filter-derived adsorbed boron are properly balanced. 

SUMMARY OF THE INVENTION 

[001 1] An object of the present invention therefore resides in providing a method for manufacturing SOI wafer less caus 
degradation of resistivity of the base wafer even when a high-resistivity silicon single crystal substrate of either conducti 
type is used as the base wafer and is bonded in a boron-containing atmosphere; and also in providing an SOI wafer prodi 
by such method, capable of retaining high resistivity of the base wafer by localizing boron incorporated during the bondi 
capable of retaining desirable electrical characteristics of the SOI layer, and excellent in high-frequency characteristics. 
[0012] To solve the foregoing problem, the method for manufacturing SOI wafer of the present invention comprises a be 
step including a process of bringing the main surfaces of a first silicon single crystal substrate and a second silicon singh 
substrate, each of such main surfaces having previously formed thereon a silicon oxide film, into close contact so as to k 
such silicon oxide films in between; and a thickness reducing step for reducing the thickness of such first silicon single c 
substrate to thereby convert it into an SOI layer, wherein such second silicon single crystal substrate comprises a silicon 
crystal substrate having a bulk resistivity of 100 [Omega].cm or above, and such process of bringing the main surfaces h 
contact in such bonding step is proceeded in an atmosphere of a clean air supplied through a boron-releasable filter. 
[0013] The present invention employs a silicon single crystal substrate having a bulk resistivity of 100 [Omega]. cm or al 
the second silicon single crystal substrate (corresponded to the base wafer), and dare employs, in order to bring such sub 
into close contact, an atmosphere containing a high concentration of boron derived from the air filter, which is usually fc 
ordinary clean rooms. The atmosphere is composed of a clean air supplied through a boron-releasable filter (which is 
exemplified by HEPA filters disclosed in Unexamined Japanese Patent Publications Nos. 10-165730 and 8-24551). In th 
present invention, the silicon oxide film is respectively formed on both of the second silicon single crystal substrate and 
silicon single crystal substrate (corresponded to the bond wafer), and both silicon oxide films are then brought into conta 
each other. 

[0014] The SOI wafer of the present invention comprises a silicon single crystal substrate; a silicon oxide film formed oi 
main surface of such silicon single crystal substrate; and an SO layer comprising a silicon single crystal layer formed on 
silicon oxide film, wherein such silicon single crystal substrate has a bulk resistivity of 100 [Omega].cm or above, and si 
silicon oxide film has a depth profile of boron concentration in which the boron concentration reaches maximum at a thit 
wise position more closer to the silicon single crystal substrate away from the center of the film thickness. 
[0015] According to the method for manufacturing SOI wafer of the present invention, the bonding interface is formed v 
the silicon oxide film, which means that boron which resides in the bonding atmosphere is confined within the silicon ox 
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(buried oxide film). Since the diffusion coefficient of boron in the silicon oxide film is small, the boron diffusion into th< 
layer and silicon single crystal substrate (base wafer) can successfully be suppressed even.after high-temperature anneali 
raising bonding strength of the oxide films. 

[0016] It is preferable herein that the thickness of the silicon oxide film formed on the base wafer is smaller than the oxi< 
formed on the bond wafer. By manufacturing the bonded SOI wafer based on such definition of the thickness of the oxid 
on both wafers, the bonding interface is formed at a thickness-wise position more closer to the base wafer away from the 
of the film thickness. This ensures the SOI wafer to have more stable device characteristics. The next paragraphs will de 
the reason why. 

[0017] To prevent the high-frequency characteristics of the SOI wafer from being degraded, it is necessary to avoid low< 
resistivity of the base wafer as described in the above. The present invention thus provides an effective measure whereby 
oxide films are mutually bonded so as to confine the atmospheric boron into such oxide films. There is, however, still an 
apprehension that boron confined in the bonding interface may diffuse in the oxide film to reach the SOI layer or base w 
depending on various conditions such as boron concentration in the bonding atmosphere, bonding annealing, annealing f 
device fabrication, and thickness of buried oxide film necessary for device characteristics. 

[0018] The concentration of boron possibly diffused through the oxide film might be fairly small as compared with the t 
concentration in the vicinity of the bonding interface as described in the above, but even such small amount of boron car 
adversely affect the device characteristics ensured by the SOI layer if diffuses thereto, since the absolute amount of dopa 
intrinsically contained in the SOI layer as thin as 1 [mu]m or less is quite small. Moreover, when there is a need for the 
thickness of buried oxide layer of as thin as 0.1 [mu]m or less, thinner buried oxide film makes the bonding interface clo 
the SOI layer. In a microscopic view, the bonding interface, however, has sites of incomplete chemical bond, and fixed c 
ascribable to such sites may adversely affect the SOI layer in which device formation area will be reserved. Considering 
above, the bonding interface is preferably formed in the buried oxide film closer to the base wafer. 
[0019] On the other hand, the base wafer will suffer from only a slight degree of lowering in the bulk resistivity thereof* 
cause only a fairly limited degradation of the high-frequency characteristics if a slight amount of boron diffused through 
oxide film may be incorporated therein, since the absolute value of the dopant concentration of such base wafer is relath 
large, despite its high resistivity, if a large thickness thereof is taken into consideration. It is also noteworthy that the fixe 
charge within the buried oxide film will never affect the base wafer which does not serve as active layer of devices. 
[0020] As judged from the above, the thickness of the oxide film formed on the bond wafer is preferably 0.1 [mu]or mor 
consideration of effects on the SOI layer exerted by boron diffused through the oxide film, or by fixed charge which resi 
the bonding interface. The thickness of the oxide film exceeding 2 [mu]m is, however, not practical since formation of si 
thick film needs a considerably long annealing time in a normal-pressure thermal oxidation furnace which is widely acce 
[0021] The SOI wafer of the present invention will therefore be such that effectively suppressing the boron-induced low< 
the bulk resistivity of the silicon single crystal substrate, and being preferably applicable to high-frequency devices. It is 
economical since use of an expensive facility such as boron-free filter system is no more necessary. 
[0022] As the second silicon single crystal substrate (referred to as a silicon single crystal substrate in the bonded SOI w 
employed in the method of the present invention, it is preferable to use a substrate having a resistivity of 100 [Omega].ci 
above, more preferably 500 [Omega].cm or above, and still more preferably 1,000 [Omega].cm or above in view of ensu 
desirable high-frequency characteristics. 

[0023] The bonding step in the method of the present invention may include an annealing process which is carried out w 
temperature range from 1,150 to l,300[deg.] C. so as to achieve sufficient bonding strength. For the purpose of bonding 
oxide films with each other, annealing at a temperature below l,150[deg.] C. may sometimes result in insufficient bondL 
strength. More specifically, the SOI wafer obtained after annealing below l,150[deg.] C. may show only an insufficient 
chemical bonding strength when measured by immersing such wafer into an aqueous solution of hydrofluoric acid so as 
assess the corrosion status, even after a sufficient mechanical bonding strength is observed typically in tensile strength te 
the other hand, annealing at l,150[deg.] C. or above, preferably at l,200[deg.] C. or above, ensures a satisfactory level o 
bonding strength not only mechanically but also chemically. The annealing temperature exceeding l,300[deg.] C, howe 
be more likely to generate slip dislocation, which is inappropriate since problems in durability of an annealing furnace ai 
contamination tend to arise. The annealing temperature is thus preferably set at l,250[deg.] C. or below from a practical 
viewpoint. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 A is a drawing for explaining process of manufacturing the SOI wafer of the present invention; 
[0025] FIG. IB is a drawing as continued from FIG. 1 A; 
[0026] FIG. 1C is a drawing as continued from FIG. IB; 
[0027] FIG. ID is a drawing as continued from FIG. 1C; 

[0028] FIG. 2 is a schematic drawing of a clean room whereat the bonding step in the method for manufacturing SO waf 
according to the present invention is carried out; 

[0029] FIG. 3 is an explanatory chart showing the SOI wafer of the present invention and a depth profile of the boron 
concentration in the silicon oxide film; 

[0030] FIG. 4 is a graph showing a relation between exposure time of wafer and concentration of boron deposited on the 
of the wafer (surface density); 

[0031] FIG. 5 is a drawing for explaining a mechanism according to which boron is incorporated into the silicon oxide fi 
the method of the present invention; and 

[0032] FIG. 6 is a graph showing measured boron concentration in an Example and Comparative Example. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0033] Preferred embodiments of the present invention will be described hereinafter. 

[0034] FIGS. 1 A to ID are drawings for schematically explaining the method for manufacturing SOI wafer according to 
present invention. First as shown in FIG. 1A, silicon oxide films 3', 3" are formed on main surfaces la, 2a of a bond waf 
first silicon single crystal substrate and a base wafer 2 as a second silicon single crystal substrate, respectively. The silicc 
films can be formed not only by wet oxidation but also by dry process such as CVD (chemical vapor deposition) or the 1 
preferable that the silicon oxide film 3* on the bond wafer 1 is adjusted so as to have a thickness of 0.1 to 2 [mu]m, and t 
silicon oxide film 3" on the base wafer 2 is formed so as to be thinner than the silicon oxide film 3 f on the bond wafer 1. 
base wafer 2 herein a silicon single crystal substrate with a high resistivity (specifically 100 [Omega]. cm or above) is us* 
While the bond wafer 1 is not specifically limited, a substrate having a normal range of resistivity (approx. 1 to 20 [Ome 
is generally used. 

[0035] Next, at least the surfaces having formed thereon the silicon oxide films 3', 3" of the bond wafer 1 and base wafei 
cleaned using a cleaning solution, and the both wafers are then, as shown in FIG. IB, brought into close contact on their 
where the silicon oxide films 3', 3" are formed at room temperature or around, and annealed in an annealing furnace at 1. 
l,300[deg.] C. to thereby tightly bond them with each other. Such bonding step can be carried out in a clean bench 21 he 
a'clean room 20 as shown in FIG. 2. The inner atmosphere of the clean room 20 and clean bench 21 typically comprises 
air supplied through a boron-releasable filter 22 such as HEPA filter. The saturated concentration value of boron deposit 
the surface of the wafer, which is left in the clean bench 21 or the clean room 20, generally falls within a range from 10< 
10<13 >atoms/cm<2>. 

[0036] By the annealing, the silicon oxide films 3\ 3" are united to form a silicon oxide film 3 as shown in FIG. 1C, and 
being interposed with such silicon oxide film 3 the bond wafer 1 and base wafer 2 are tightly bonded. The bonding inter! 
thus formed within the silicon oxide film 3. Next, the bond wafer 1 is thinned to a targeted thinning plane 5 shown in FI< 
as to leave the bond wafer 1 in a thickness sufficient for forming devices. After the thinning process, an SOI layer 6 havi 
predetermined thickness is remained as shown in FIG. ID. The thinning process for reducing the thickness of the bond v 
can be effected by various methods, and is by no means specifically limited in the present invention. One exemplary mel 
relates to reduction in the thickness of the bond wafer 1 by grinding and polishing it from a plane opposite to the plane h 
already formed thereon the silicon oxide film 3 (referred to as "polishing process" hereinafter). For the purpose of furthe 
thinning after the polishing, a dry etching technique called PACE (plasma-assisted chemical etching) can typically be ap 
is a general strategy to combine these methods to thin the wafer to the targeted thinning plane 5. 

[0037] Methods other than the foregoing polishing process include so-called Smart-Cut process (registered trademark). I 
process, the bond wafer 1 is implanted with ions of a light-weight element such as hydrogen, helium, or the like prior to 
bonding, then brought into close contact with the base wafer 2 so as to locate the oxide film in between, which is follow* 
annealing. The bond wafer 1 is separated at the portion where the light-weight element ions are implanted, to thereby gi\ 
SOI layer 6 of a predetermined thickness which serves as a device forming area. The Smart-Cut process is advantageous 
a separated portion of the bond wafer 1 obtained after the annealing can be recycled as a new bond wafer or base wafer, 
be noted, however, that this process is advantageous in obtaining a relatively thin SOI layer, and it is difficult to produce 
relatively thick SOI layer (typically 1 [mu]m thick or above) since the depth of implantation of the light-weight element 
as small as 0.1 to 1 [mu]m or around. 

[0038] Recent development efforts also resulted in a method in which the ions to be implanted after being excited in plas 
thereby allow the separation at room temperature or around without any special annealing. Annealing for the separation 
be omissible when such method is adopted to the present invention. 

[0039] According to the foregoing processes, an SOI wafer 10 of the present invention as shown in FIG. ID is obtained, 
produced SOI wafer 10, the silicon oxide film 3 will have formed therein an intermediate position along the thickness-w 
direction (a thickness-wise position closer to the base wafer away from the center of the thickness in this embodiment) v 
the boron concentration reaches maximum as shown in FIG. 3. This is because, as shown in FIG. 5, boron B previously ; 
on the surface of the silicon oxide film 3 prior to the bonding, and the bonding is carried out while retaining the adhesior 
which allows boron B to be incorporated within the silicon oxide film. Boron concentration will be maximum in the vici 
the bonding interface 4. The position whereat the boron concentration reaches maximum can vary depending on the relai 
between thickness of the silicon oxide film 3' formed on the bond wafer 1 and the silicon oxide film 3" formed on the ba 
2. When the thickness of the silicon oxide film 3' on the bond wafer 1 and the thickness of the silicon oxide film 3" on th 
wafer 2 are almost equivalent, the bonding interface 4 is formed approximately at the center of the united silicon oxide f 
that the position whereat the boron concentration reaches maximum also falls approximately on the center. However, the 
position whereat the boron concentration reaches maximum is preferably closer to the base wafer 2 based on the foregoii 
reason. 

[0040] (Example and Comparative Example) 

[0041] The following experiment was carried out in order to confirm the effects of the present invention. 
[0042] Silicon single crystal substrates which serve as a bond wafer and a base wafer were sliced out from silicon single 
ingots pulled by the MCZ (magnetic-field-applied Czochralski) method. The bond wafer employed herein was a p-type < 
single crystal substrate having a diameter of 200 mm, a resistivity of 10 [Omega]. cm, an interstitial oxygen concentratioi 
ppma (based on the standards by JEIDA (Japanese Electronic Industry Development Association)), a thickness of 725 [n 
and a crystal orientation of <100>, and the base wafer employed herein was a p-type silicon single crystal substrate havi] 
diameter of 200 mm, a resistivity of 1,200 [Omega].cm, an interstitial oxygen concentration of 6 ppma (JEIDA standard: 
thickness of 725 [mu]m and a crystal orientation of <100>. 

[0043] On the individual main surfaces of the foregoing base wafer and bond wafer, the silicon oxide films were formed 
method described below. On the bond wafer, a silicon oxide film of 0.5 [mu]m thick was formed by wet oxidation under 
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annealing conditions of l,050[deg.] C. for 120 minutes, and on the base wafer, a silicon oxide film of 0. 1 [mu]m thick w 
formed by wet oxidation under annealing conditions of 800[deg.] C. for 100 minutes. 

[0044] The bond wafer having thus formed thereon the silicon oxide film was then implanted with hydrogen ions, where 
acceleration energy was 46 keV, and an amount of dose was 8* 10<16>/cm<2>. The bond wafer and base wafer were the 
subjected to SC-1 cleaning, and stacked with each other in a clean bench of a clean room having an atmosphere purified 
HEPA filter at room temperature, to thereby bring them into close contact. A relation between exposure time of wafer ar 
concentration of boron deposited on the surface of the wafer (surface density) was as shown inFIG. 4, from which the ex 
time in this experiment was determined as 60 minutes. 

[0045] Thus stacked wafers were annealed at 500[deg.] C. for 30 minutes to thereby bond them, and concomitantly the b 
wafer was allowed to cleave at the hydrogen ion implanted layer to thereby produce the SOI layer of approx. 0.3+-0.005 
thick. The substrate having formed thereon the SOI layer was then annealed at l,200[deg.] C. for 60 minutes for the purj 
enhancing the bonding strength of the bonding interface to thereby obtain an SOI wafer (Example). On the other hand in 
Comparative Example, another SOI wafer was manufactured similarly to Example except that the silicon oxide film was 
only on the bond wafer in a thickness of 0.6 [mu]m. 

[0046] The SOI layers of thus produced SOI wafers in Example and Comparative Example were removed by alkali etchi 
depth profile of the boron concentration of each buried oxide film from the surface thereof along the sectional-thickness- 
direction was then measured by SIMS (secondary ion mass spectroscopy). It was confirmed from the measurement that, 
Example, the boron concentration reached maximum at approx. 0.5 [mu]m deep from the surface of the buried oxide filr 
position corresponds to the bonding interface or around. On the contrary, the boron concentration of buried oxide film in 
Comparative Example only showed a slight increase in the vicinity of bonding interface, and the concentration in other a 
below the lower detection limit. The depth profile of boron concentration was measured by SIMS also for the base wafei 
the surface thereof after the buried oxide film was etched off using an aqueous HF solution. Results were shown in FIG. 
While the SOI wafer of Comparative Example showed increase in the boron concentration (that is, reduction in the resist 
towards the surficial portion of the base wafer, it was confirmed that the SOI wafer of Example showed the boron concei 
in the surficial portion almost kept constant. 



1 . A method for manufacturing SOI wafer comprising: 

a bonding step including a process of bringing the main surfaces of a first silicon single crystal substrate and a second sil 
single crystal substrate, each of the main surfaces having previously formed thereon a silicon oxide film, into close conte 
to locate the silicon oxide films in between; and 

a thickness reducing step for reducing the thickness of the first silicon single crystal substrate to thereby convert it into a 
layer, 

wherein the second silicon single crystal substrate comprises a silicon single crystal substrate having a bulk resistivity oi 
[Omega]. cm or above, and 

the process of bringing the main surfaces into close contact in the bonding step is proceeded in an atmosphere of a clean 
supplied through a boron-releasable filter. 

2. The method for manufacturing SOI wafer according to claim 1, wherein the thickness of the silicon oxide film formed 
main surface of the second silicon single crystal substrate is smaller than that of the silicon oxide film formed on the mai 
surface of the first silicon single crystal substrate. 

3. The method for manufacturing SOI wafer according to claim 1 or 2, wherein the thickness of the silicon oxide film foi 
the main surface of the first silicon single crystal substrate is 0. 1 to 2 [mu]m. 

4. The method for manufacturing SOI wafer according to any one of claims 1 to 3, wherein the bonding step includes an 
annealing process carried out within a temperature range from 1,150 to l,250[deg.] C. 

5. An SOI wafer comprising: 

a silicon single crystal substrate; 

a silicon oxide film formed on the main surface of the silicon single crystal substrate; and 

an SOI layer comprising a silicon single crystal layer formed on the silicon oxide film, 

wherein the silicon single crystal substrate has a bulk resistivity of 100 [Omega].cm or above, and 

the silicon oxide film has a depth profile of boron concentration in which the boron concentration reaches maximum at a 

thickness- wise position closer to the silicon single crystal substrate away from the center of the film thickness. 
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-^•>*-^<tfei»5) _bccs/ya>»{biB)s (S#>& 
#KfbR) *0jsEU. *©±ocjM©$/y:a>#*MW* 

SO I (Silicon on Insulator) Jf£ l/TSHJfMO 



2) *5fP32 0 0 2- 1 84 96 0 

2 

yt, c>*>t9>&so i ^x-^iffl^nn^o en* 
{gi$©/c&, ^-x^*-^<fcL/risaas*©vy3> 
[ooo3] tc^t, soi^xw^gwasji 
^-f ^jjKMttr&&so iii&5S-ovy3>* 
x <h t*Z>mrJDis y a >#JBfiS« i *s/ y =» > 

^soiiitstorts. 
[0004] ±ia©<i:^ftteD^t>-i±ffi^fcc^T«, ^ 
»5 x ~^<fc F^x -^©Rfc 0 £*>-&lfffiK:* ^ 

©J;5ftJWWII?0dto*»BK»W*i. #-* F» 
©^BsW^JsSStifeO . ^^©tEffc^t J: D SO I 
x-^OlSfbWSWbL/fcD, **l>tt. K«ia±©tt0 

20 5^to-enffi^©aw©iBA%w«i'rsfca>{c, s«© 

yrrt) «crfT*>*is. *t/c. c©«fc9trtl?9£*>ii 
fficci 0 S O I * - ^tlffit # 
> F 0 x -^CCO^V y n >BMb«*i&3E L , ^©^> ! i 
3>»{bl«*^L/r^-X^x-^<bttO 

[ooo5]M, teo-&to^tf*>ns^y->^- 

Blft«tfELr«r»)^-tt**ffi*»flM-n«, son 
2 b /ctK > F ^ x - ^ te©#^ y a bR*JKfiE 1/ 

^ * - ^ i bao 4*a^ < si s nt^i> 

40 n>KfbJR<fc©tef3^-l±fflCCtt, xT7^^-^6© 

[0 0 0 6 ] ±IE©J:5tt# , 5*©^-:* , *xwvN© 
>) * - Ai itiSSt»*lBSJS*© 
*/y3>*lSft»fi*tt«rs»^R:«. *n«^MH 

x-;^fe^tlt »1 0 0— 8U 0 0 0 Q • cm©^ 

/n©s/ y a >mi m t <Dfm&m& u m©w»c*w a 

so !8ta*W*^3R©SEtfcccj:»)^:B«:fiTL/. WHiafl*tt 
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[ o o o 7 ] -e-c-c. ±§zmmzMm?ztc&ic. &m 
20 oo- i 0 06 7 e-sf-assccw:. soif*-^© 

T*7-<;l<*®JSiI©jI!RK:j:D > ft!r<3£fe-»*#H»*© 

tfffijnZft-C^Z: 1. x-^©«^i6i^ 
@8<&{c. PTFE7 ^;l/^i*^5g©«tt©-5r5*;U7 

A^JBH-S. #{C, ^-X ^ x -Mj&Siggifi^© PMis 

(DtettmiBTFzmi? z,±.~cmn~e$>z> ; 2. ^-x? 

CC. *3*£fcHJtt£*rr£HEPA:7 -< „ 
*©<£T£&5<'C<!:#-ei?£ : 

[0 00 8] 20 
l¥£W&M®;LJ:'yf?Z>mm] UB»l/fc*i6. ±121 
-©7 -f >l>5tisX7-A.&-&ffiV$> 

WUi, ±iZ<D-2M.<DmmO 1 5 OJCfc. HEPA7^ 

{&TbTL£5m&i>$>Z. 30 
[0 00 9] *^©^S«. i»mM*Ra*D-r»iffi!a^ 
©Vy3>|iigJ|g®£^-X>}; C --^ < !;LTfflt,>. *> 

tT-p-Cfc. ^-X9xWN©ffita*W£TUlf^SO I 

& 9 £i±imtiR 9 & £ *i s * mzttm<DQ.&icm&i t 
s # s c i (cj: o -< - * x - ^(omtmm^mm u . 

SO I Jf©S^^£fcJl#KS-oC 
«*Hift«tt©fi#«c S O I ^ x -^£&{*-T £ CiK 
*-5<, 40 
[0010] 

#2fe?E©SO I ->x-^©SiBi^»» !$—©-> 
y a >mi«£i-©i/ y a >J£*§,§ia«©&±S 
Etc -> y a >®ffc)g£m 0 . U 3 >^k®£/i- b 

»3-tt-5,Xfi*^BAi3^*D-a-X?i<t. IB— ©i";3> 

$MS,ns«©j?<*£i£ Dtsoiii te-rmmxmt * 
a or. s«naso& 
iooq-c m«±©^ y 3 >mma ! m&*m so 
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•5. 

[ooi i ] .tjB*iwicc:bi,»"ct*. m—<Di/vx>m 

1 0 0Q • cm©iSS!n^©4>©?:ffli/\ ^tt£gW<* 

#-s#ffl»i or. ji^©5";->^-ArtfcB6n^ 

tt7^;l/5t 0- 1 65 7 3 0#&$R 

*-5t,Hi«FPa¥8-2 45 5 1 D£*Q©HE 

i . £&-©-> 'J ^ >#&H.»® ( K ^ x (c*B^ 
-f£) i©M*«:^';3>K{l:S^fSb. *©iS4k)S 

[0012] Sfc. ##£B8©S O I 3 x — ^tt. y 3 
>#i»SS«i , kj> y 3 >^*g B ^s«©i«ffi±«:» 
n/cf y 3 >^t^i . y 3 >»^bRhtc^ 
sn/oy3>*ygHi*^%4so i Jii^rWL. fre 

-> y 3>#M|fS««»gffiSi^»J lOOQ-c mJ^± 
©i/U3>^ijg B %Se-C*S<i:<!:&(C > »J"j3>&ft 

M/? $ *[6j©4i* J; K) u y =j >^ife H lS«§F 0 ©{itgtc 

[o o i 33 ±ia##snjj© so i ^x-^©K3S^fi6(c 
<t£t. B*o^*)#i?M«->y3>^bK*^}f^3n 

wyjN s <,>©•?. mitmm±<D^^s.^-mtb?>mtmm 
a*tf ■» r . soi nso'f y a >^m b ^s« 
x-^x-m) -©*'i7*©ifi;ti?:fflisij-r-s.ci*i-cir 

[0 0 14] c©*§-£. ^-x^x-/N«:0fiS3n-5)M 
^M©»3*. F^x-^{c^-rS^IJi©IS3 
J;«3 ^W<^-rsc<k*i5f*tC^ CCJc^fci^^x 
-^©K{b®il*i9:^urteo^*)-&so I -^x-^^ 
fWthtf. SA0^#l?ffi«atojA*^b)S©ai3*rfii 
©4 J *<tO'<-x^x-^J:i5K^3^i <) cftfcj: 
0. SO I ■Jx-^cf^VX^M.tO^^i 

[0015] soi ^-^onsm&mLV-zitzffit 
mzmimwcmc&ibz^K . *^©^bjgisj±© 



5 

mc&&?>ti-rc*vmi)mim<p*w:wih-c. son 
[0016] BWbKiaao-cjiafcT** 

1 u m«T©»iS O I ftWcttttlsfctte. MBS O 
I H^HCS; F-'-c> t-<Dm*mixmbX'J>tj: 

l>©t?^f4SWW>. 0. 1 ymJW 10 

sbi&*8MUi*»< -rtitf -r s 'a ate o £*>-tf-wffi« s 

O I )l(cifi-5< ci&cfc&a^ s #nfc:jl./ct§£-©3£0 

[0017] iwt«*jijiorieiw**5-r*»ft 

*^S*^-;*>}x--/^clWjigft-c&. "t-x^x 20 

^©jis;*£#ia^ftw^ffiW?&-?Tfc f-^> h 
[0018] w±©J;^tc > »{b«*lfc»i/-cajai/fc 

* 3W» . teO -&*>-li#WB©Il5e««& i'i 3 SO I Hie 
StSt»»4#tt5i, *> F 9 x '^KMt4» 
{UiiU-CttO. 1 AimJi(±f^-rSC<«:*5$fSLt,>„ 30 
2 Mm?:ffiA^J13©^fc^?r. iI?i?m>e>ftS 

BSraaJifts t s ft s fctosiffl^-c »& t 

[0019] *?PJ3© SOI^i-aB, * ^fg&ffctC 

6ft. jtsmffi8T'*jxt l ciimic&m-c%&i><Dttj: 
[0020] ^mn<DM&^icxmm^ti^m 

-© 5/ n XM&HS® ( «3 -£*>tS1&© SOI^i- 40 
^{Cte(,>T«» 3 Mfflfe 
mm&OtcSb, ffitn*# 1 0 0 Q • c m£Lb W.£. L 
<«5 0 OQ • cmJBLL 3 6&cM£ U < « 1 0 0 0 Q 

[0021] *»wo«Ji*i*<ote*> % 

@^BA0 ^fcttii&^tt^£f#S/c#>fc:. 1150-13 

0 0 °c<DU&&micxif%:frti&t&emj:m : $:-£t2i><D 
i-rscian^s. ^tispi±©teo^ti-©ti^i 1 
0 0 'mr<Dmmm-cit, +M^«s*{i5ci*s 
-e#&i>t§^#£>-2>. -r&fc>%. 1 1 0 0 °cfeLt©f»^ 50 
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S-Ctt. ?hi0 KRft £*«: cfc &«M*ft&fe£»S»t» 

fcOtg^fc-S,, — 1 1 5 0 T$U:©IMBi. »* 

0 < « 1 2 0 0 •cfcLhc^teilfc ifts*. flMftttite 

sfc, a^asa** 1 3 0 cc^a^six y * 

1 2 5 0 •COT*W£ tA>. 
[0 02 2] 

[^CD^te©Jf^] «TCe*#MH©^©JB»Ccoi» 

-ca^s. 0 1 «*^?scc^s s o i v x-^ottfi^ 
8*iwf»KBW!-r **>©■?**. s-r. 01 (a) © 

J: 5 ©'> y 3 >^HSSi Lr©si<> F ? x- 
-A2i©S$*Ila, 2a«C->y=i>^b)K3' , 
it, -j hm<tlcJ:*)]&f$frZCtifi-C%2>&, CV 

D (Chemical VaporDeposi tion) ^XfrffiSrffffl-f S C 
£<£>nJt£-C&S„ ^">F^x-^M©'>yn>^{bM 
3' «0. l~2MmKJ?£&.SJ: i 5Kf)IS6U ^-X 
^i-n©i/y n>^bJ»3' ' «, ^>F^x-^i 
©->y=i>&{big3' j:o fe|»<^-r-5c:<!:7!)W*L, 
C^o ^-X"? x-^2£Ur«fl5etn:^ 

CCtt 1 0 0 Q • c mliLt) ©-> y 

•So f^xwn 1 (co^r«^csiji®$n'Sfc©r 

ffifittSa* ( 1 ~2 0 Q • cmliS) ©*>© 

[0 0 2 3] ^K. ^>F'5x-^lScJ f ^-X^x- 
^2©ii>j&< ifci^y =J>M<bS3' , 3' ' *sf^3 
*art,^SB*gfe^(c-cgfc?fL,/c^ 01(b) {c^"T 
J:9(cf i;a>MfUI3' . 3' ' O^SflHtcrSBS 

^©aaT-c^^ii, muMiptpic-c 1 1 50-1 3 
oo-cicr^fta-r-scifcto^fcM^-rSo c© 

A2 ortccisg3nfc^y->^>^2 -5,, it 

d"j->;l/-A2 0rtMi"J->'<^2 lWi. #1 
HEPA7^;V^-#©*^fi5cWfx7-f )1>Z- 

2 2*mtxm&^m.i)mte2tiz><b(D-v$>2>. c©« 

*^y->;u-A2 0(*9X«^ y->-^>9 : -2 1 F*9tCix 

u/t t * (c x -^statciws-r 

S*"f sR*gS©fiSKffl». 1 0 1 2 ~ 1 0 1 3 atoms/ 
cm 2 IKiiHBWr**. 
[0024]||«fflK < tD l '>y3>MibS3' , 
3' ' *s— ^bl>> 01 (c) (DJzSltm—mtLtcis 
';a>SM3 *^t/tsj<> K-? x-a 1 x 
-A2iA5»iK^'r5. ^c*j. i"j3>^bM3© 



( c ) (Omm^^M 5 *-Ctf > F ? x -vn l <DJgJl£jg 

9. 01 (d) $ ummommo so i i6*i 

JfM 3 ft tf> F-5 x-^2 ©JgJ?£il&i> 

fct,>T^MHJl®3tt& *>©■?«:£<,>„ 0fljU*. *f>K-i> 
x 2 * > ') n >KfbJ£ 3 jPflftftg ftT (,> 

*tcDffi^6pgijs^pgT*c tic* vmmzmp-rz 

WgSg0SOIM3?.(ClIfbt5fcJf)PACE (PI 
asma Assisted Chemical Etcinq) fSiP^ftlSSMfl-X 

[0025] ±.nmmmM<Djj&t «. t,**^* 

^-x3x-^2£ffi#3tffc&8$iair.S., -T-Si. 

ssiu^-; v &*$, @^jp? -(*>©*> 

F9x-;M^©«Agt3*iO. 1~1 umimt'PU 

^tctb. m^so i mzmzicizuhMkm-e&zfii. mm 

(Millf 1 wmtLh) ©SO I d£f#£©«E3ft-C& 

[0 026 ] *fc. tat{J?iA3tl4^*>4i@L 30 
•C^XvtrarcffiAf £ C i CC J: *) . ^iJfc&MS* 

ffat>t*{csafijsriw«*ff5*ffi*»Hi»3n"ct»s 
©r. #2^te:tei>Tc©:^£/Bi>£«^KttitfM& 

[0 02 7 ] feLh©J:5&X|gK:J:')01 (d) ©£5 
W^soi^x-Aiomns, c©£5K: 
Kitsn/cso i ?x-/n i o«:*5t,>rK. S3fC7F-r 

iSWcfcc^rtJ^cfcO^-x^x-^tFOcas) 

*?^g#&*£&SfiEW¥fcr& &<DttS:Z>. C 40 
ft«. l35«:^-rj:'5{cB40^*D-a'X?iM«O , ;3>K 

3- ' t<D®m<Dm%<<ctmvxmt-?z>. xk>f?x 
2fflij©^>j3>^t^3' • (Dmmtmzt&zmc-c so 
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3©BStfiifetc^fiK3n*fc*. *^3tigg©fc*{4S*> 

> v 3 >&<tiK 3 ©BS4J*tc& 

[0028] 

[HJSW ^^©^m^iS^i/cJ&tc^oil^^tf o 

fc. 

(USSR tb$$W MCZS (magnetic field applied 

S^fflSb/c. K-Jx-AiUtt. itS2 0 0m 
m. tmm 1 0 Q • cm. t&^^^SS 1 2 p p m a 

(j e i da ( a*n*xm&m®£:) mm . j?3 7 

2 5 nn. (100) ©P55h>'J avSMggg 

^-X^x-Ai^ttt. Kg2 0 0mm. 
tfflK^ 1 2 0 0 Q • cm. t&^-Rfl^iSg 6 p p m a 

(J E I DA»&) . J?37 2 5tfm. ^H^ft <1 0 
0> ©P^^ya^HsSSa^ffl^A:,, 

[0 02 9] ±fc©£ 5 fc^-*?x K£ 
x -^©#X*®{CJitT©^«C «fc n *s 'J =J >l*{t$£ 
Bl&Uc. -Tftfr^. F^xW>(c*j(,>"C«. 10 
5 0'C, 12 0 #©&MS^© t> x h K^iC<J: 0 
JIO. 5/imOi/'Ja>Htl««. STc. 
X^x-^Kfcortt. 800U 10 0»©i^l^ 
^©•i; x h^btcr o . in m©^ y p >^bM*JK 
EXT*. 

[0 03 0] ±IS©«fc^Ji:^'j3^b)S*^L^:^ 

> F V x -^ft ^ ^- >fT^jA*iS«c «t 0 tK^ -T * >£ffi 

ALfc. 7k^^*>©aAx*;m i '-«4 6 k e v. a 

A^3H«8 x 1 0 ' 8 /c m 2 <!: L/c = &(C. ±f2^> 
F^x->'^<!:. ^-^•i;x--'Nt«rSC- 1 ?5t^. H 
E P A 7 < )\, $ <fc <0 m^t 3 n/c f'J - >;U- Art 

fc. C©^ 'J-^>frt«:->U a>'i/x-^*SScSL 

/ci©^©fi!tsB$ra to ^-^mmicmrnvtc^o m&m. 
(^a>ffi?gg) i©H^«04©ilor&'3. 

[003 1 ] -XlC. ±MZ<D£5< l cmti'£;K>1±tc?*-~" 

5oo'c«c-c3 Qfrmmm-rz cite jro tec 

^iit(C. F?xWN£*«^:*>£AJl-eiiJ 
8131*. )SJ¥iP30. 3±0. 0 0 5 y m© S O I M&B 
fiXO/c. ^-L,r. SO IB*i^3n/cSffi«:StLr. 
■e©BA0^ti-|?ffi©if5^S?:K*S)td?){c 12 0 0 

•c. 6 o ft<Dmn8MfkmcxmmmL. s o i o x 

*f#/c (XikW) . ft!!*. iO»«4Lr. m<m<DBf& 
x-^^©*ffl». ^©M/l^O. 6 ami 
LfcJa^«iaSWtl^-©^f4 : -C^13L/cSO I ^x- 

[0032] ^©.fc^fcSljgO/cllJStfilitk^^S 

I/. SIMS (Secondary Ion Mass Spectroscopy) (C 



(6) 



[0ffi<DfSW«ct&9§] 

[02] *^©SO I «?x-^<D»jfi*jSCC*JliiCtt* 
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[05 ] *»W<D^SCc<fc D*^5R*$vj n>M{fc®* 
[06] Sa^R»tt*(WCcteW4*9^K©»J5^ 
[ff-^DSJHJ] 

3 y a vatfkM <S«>i&*SMtBt> 
3 > 3 > • >> y n ymitB 

1 a #>F^*-^£>£*tS 

2 a <*-X«)x-A0$Ii 
B 

10 SOI^x-a 
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